• CONCLUSION: Our findings help to identify the population in need of intervention, to highlight the need for additional eye healthcare services in urban China.
INTRODUCTION
V isual impairment is the source of numerous serious medical, psychological, social, and economic problems. According to the World Health Organization (WHO), the number of visually impaired people worldwide, in 2010, was estimated at 285 million, of whom 39 million were blind [1] .
Because more than 90% of visually impaired people reside in developing countries, WHO approved an action for "Vision 2020" over the next decade. One of its main recommendations was that all countries worldwide provide regularly updated data regarding the prevalence and causes of blindness and visual impairment, for the use in evidence-based advocacy, planning, and monitoring of eye care programmes [2] . Consequently, population-based studies in different countries are required to estimate the burden of visual impairment. In China, the majority of blindness data has come from rural or suburban areas [3] [4] [5] [6] [7] [8] .
The report of the Nine-Province Survey estimated the prevalence of blindness among rural people ≥60 years of age to be 2.29% [6] . Estimates of blindness among persons living in urban areas have been based primarily on two population-based studies conducted in the Beixinjing Block [9] and Dachang Block [10] , two areas located near the Shanghai Medium Ring Road. As a result of the urbanization of China over the past 10y, Shanghai city become larger because more people begin living and working in the central areas and the inhabitants of that zone have been transformed from a rural to urban population [9] [10] . Hence, the previously mentioned data might underestimate the magnitude of visual impairment in an economically developed area. To address this inconsistency, we conducted a population-based survey of an urban population of persons >60 years of age, living in the Xietu Block of Shanghai. In 2012, the Xietu Block had an estimated population of 66 300 persons, 18 653 (28.1%) of whom were ≥60 years of age, a far greater proportion than that in the national population of elderly people (13.3%) (based on the 2010 national population census) [11] . This study was designed to determine the prevalence, causes, and risk factors of blindness and visual impairment among elderly Chinese populations in metropolitan Shanghai. The blindness and visual impairment within our dataset were defined on both presenting visual acuity (PVA) and best-corrected visual acuity (BCVA). [6] . Assuming an error bound (25%) with 95%
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confidence, a response rate (90%), and a design effect (1.5), the sample of 3182 persons was required. We conducted the random cluster sampling to identify participants. The sampling frame was constructed using geographically defined clusters based on community registry data. Cluster boundaries were defined such that each cluster had a population of approximately 1000 individuals (all ages). Depending on sample size and proportion of the elderly population, we randomly selected 18 clusters to reach the target sample size. Field work was from March 2012 to May 2012. Lists of participants' information were obtained from residence committees. Using door-to-door visits, information regarding name, age, gender, and educational level was obtained by Community Health Service physicians. Those unregistered adults living in the community for ≥6mo were enumerated and included in this study. Those registered adults being out of the community for ≥6mo were excluded from the study. Data Collection Study participants were examined on a pre-scheduled date established at the time of enumeration.
Participants' identities were verified by identity cards (ID). A standard questionnaire was used to obtain demographic characteristics, personal and family medical history, and lifestyle risk factors [12] . The interview included questions related to the diagnosis and treatment of chronic diseases, including diabetes, hypertension, dyslipidemia, and cardiovascular events. Participants were also questioned about cigarette smoking, i.e. if they had ever smoked at least one cigarette a day for >6mo. Participants were defined as follows: "neversmokers" for those who answered "no"; "smokers" for those who answered "yes"; "occasional smokers" for those who smoked <20 pack-years (i.e. the number of packs of cigarettes per day multiplied by the number of years of smoking); and "heavy smokers" for those who smoked ≥20 pack-years. Alcohol intake was defined as the consumption of at least 30 g of alcohol per week >1y. Body weight and height were measured by standard methods, and body-mass index (BMI) was evaluated [12] . Early Treatment Diabetic Retinopathy Study (ETDRS) E-chart (Precision Vision, Villa Park, IL, USA) was used to measure distant visual acuity (VA). VA measurement was initiated at a distance of 4 m and VA was recorded on the lowest line read successfully. Counting fingers, hand movement, and light perception tests were performed for those unable to identify any of the chart's symbols at a distance of 1 m. The initial PVA was measured without refractive correction or with the use of distance glasses, if worn. Any eyes with the PVA ≤20/40 had their vision retested with a pinhole to obtain the BCVA. Detailed examinations of the eyelid, globe, lens and fundus were carried out by experienced ophthalmologists using a slit-lamp and direct ophthalmoscope (66 Vision Tech Co., Ltd., Suzhou, China). Fundus photos were recorded by digital fundus photography (CR-2, Canon Co., Ltd., Tokyo, Japan). Optical coherence tomography (OCT) (OSE-2000, Moptim Co., Ltd., Shenzhen, China) was performed if any fundus abnormality was found. Goldmann applanation tonometry (66vision Tech Co., Ltd., Suzhou, China) was performed when the participant was suspected of having glaucoma. Some participants failed to walk, and we went to their home to examine eyes using a portable handheld slit lamp (KJ5S1, Kangjie Co., Ltd., Suzhou, China), direct ophthalmoscope and Goldmann applanation tonometry. The pupils were dilated to examine for the participants whose lens and fundus status could not be examined suitably or with a BCVA ≤20/40. Those eyes with shallow anterior chambers were not dilated. The same experienced ophthalmologist diagnosed one principal cause for the eyes with the PVA ≤20/40. Refractive errors were considered to be responsible for visual impairments when the VA was ≤20/40 and when it was improvable to >20/40 after correction. When corneal opacity, pterygium, and other eye diseases were considered to be the primary causes of blindness, diagnoses of these diseases followed standard clinical criteria. A standard protocol was used to rapidly assess the main causes of blindness for each eye. In the absence of evidence of retinal abnormalities, cataract was the main cause of visual impairment in an eye with a significant vision-obscuring opaque lens. Myopic maculopathy was diagnosed for eyes with at least 6.0 diopters refractive error, and at least one of the findings: tessellated fundus with diffuse yellowishwhite areas, white patchy chorioretinal atrophy, posterior staphyloma, or macular haemorrhage [4] . According to agerelated macular degeneration (AMD) stage classifications of the Age-Related Eye Disease Study Research (AREDS), AMD was characterized by multiple large drusen, geographic atrophy, choroidal neovascularisation (CNV), and disciform scars [13] . Glaucoma was diagnosed based on the International Society for Geographical and Epidemiological Ophthalmology Classification [14] . Diabetic retinopathy (DR) was characterized by microaneurysms, hard exudates, intraretinal haemorrhages, and macular cystoid macular edema [15] . Other causes for visual impairment were based on routine clinical diagnoses. If there were two or more reasons responsible for the visual impairment in one eye, the experienced ophthalmologist evaluated all available information and choose the cause more available to treatment or prevention [16] .
Quality Control Training Program
All study investigators and staff members successfully completed a training program that familiarised them with the aims, specific tools, and methods of the study. At the training sessions, the inter-observer repeatability of measurements between the two groups of observers was determined by the κ value. Repeatability of VA reached a κ value of 0.8 between the two groups. For assignment of the principal causes of blindness, the κ value was 0.9. In addition to repeatability, reliability was also measured by comparing the diagnoses of the cataract and survey records of chronic diseases history, the results of this comparison also showed acceptable agreement (κ=0.8). Definition The WHO criteria was conducted to categorize VA (which are similar to those used in the National Nine-Province Survey Survey) [6] as follows: normal vision, VA ≥20/63 in the better-seeing eye; visual impairment, VA of <20/63 to ≥20/400 in the better-seeing eye; and blindness, VA of <20/400 in the better-seeing eye. Prevalences of blindness and visual impairment were based on both PVA and BCVA [4] . Statistical Analysis An electronic database was maintained using Version3.0 EpiData software (Epidata Association, Odense, Denmark). Data were double-checked and validated by inspection. Prevalences of blindness and visual impairment were stratified by age, gender, educational levels, and smoking status. The association of blindness and visual impairment with age, gender, and educational level were mesured using logistic regression. A multivariate logistic regression analysis was used to evaluate the association of demographics, lifestyle, and metabolic factors, with the odds ratio (OR) of blindness and visual impairment. All data were processed using Version7.0 STATA software (STATA Corp, College Station, TX, USA). P<0.05 was considered statistically significant. RESULTS Among 18 653 persons ≥60 years of age in the Xietu Block, 4598 persons were enumerated, and 4190 participants were successfully examined, corresponding to an overall response rate of 91.1%. The main reasons for the 408 non-participants were 1) too busy (52.7%); 2) good VA (18.4%); 3) distrust of tests (16.9%); and 4) lack of comprehension of tests (4.4%), with the latter reason being indicated by incomplete questionnaires. The compared proportions of age and gender profiles in study population and examined sample were listed in Table 1 . Prevalences of blindness and visual impairment for the study population were stratified by age, gender, educational level and smoking status ( Table 2 ). Based on PVA datum, the prevalences of blindness and visual impairment were 1.1% and 7.6%, respectively. Within our sample set, the prevalences of blindness and visual impairment increased rapidly with age, and this trend becomes more dramatic in residents >80 years of age (OR=2.8 for blindness, P=0.019; OR=3.8 for visual impairment, P =0.000). The prevalence of visual impairment was generally higher among women than men (OR=2.0, P=0.000; Table 2 ); however, the prevalence of blindness was not significantly different between women and men (OR=1.1, P=0.971; Table 2 ). Lower levels of education (not greater than high-school level) tended to be associated with visual impairment (P=0.000). The prevalence of visual impairment was also significantly higher among smokers than among never-smokers (OR=1.8, P=0.008; Table 3 ). Based on BCVA datum, the prevalences of blindness and visual impairment dropped to 0.9% and 3.9%, respectively ( Table 2 ). The prevalence of visual impairment increased with older age, female gender, lower educational level, and smoking habits, with the differences showing statistical significance (P<0.05). Multivariate logistic regression models indicated that older age, female gender, less than high-school education, being overweight, and cigarette smoking were all significantly associated with increased odds for blindness and visual impairment, based on both PVA and BCVA simultaneously (P<0.01; Table 3 ). To explore the difference of occasional smoking and heavy smoking, we analyzed the prevalence of visual impairment stratified by age, gender, educational levels. As indicated in Table 4 , based on both PVA-defined and BCVA-defined data, participants ≥80 years of age, female Cigarette smoking was defined as having smoked at least one cigarette every day for half a year or more; 3 Alcohol drinking was defined as the consumption of at least 30 g of alcohol per week for one year or more; 4 Odds ratio were adjusted for age, sex, educational level, presence of hypertension, family history of eye diseases, overweight, cigarette smoking and alcohol drinking.
gender and low educational level combined with a heavy smoking habit, exhibited a greater risk of visual impairment/ blindness.
Cataract was the major cause of visual impairment across all levels of severity (Table 5) , accounting for 37.6% of PVA-defined blindness and 64.0% of PVA-defined visual impairment. Even 
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after refractive correction, cataract remained the leading cause of blindness (37.1%) and visual impairment (58.7%). For PVA blindness, myopic maculopathy (28.1%) was the second most common cause, followed by AMD (7.3%). However, for PVA visual impairment, the main causes were cataract (64.0%), myopic maculopathy (13.8%), refractive error (6.9%), and AMD (5.3%). Based on BCVA criteria, myopic maculopathy, AMD, and phthisical/enucleated eye accounted for 26.4%, 7.1%, and 5.0% of blindness, respectively. However, for BCVA visual impairment, the main causes were cataract (58.7%), myopic maculopathy (19.2%), AMD (5.3%), and DR (4.5%), respectively. DISCUSSION China is a rapidly developing country undergoing significant economic expansion. Meanwhile, the population of China has increased rapidly, especially the elderly population ≥60 years of age. According to the traditional standards of the United Nations (elderly ≥60 years of age over 10% of the total population), China has become an aging society since 2000. This issue becomes dramatic in Shanghai City. As referred in the Introduction, our target population has 28.1% of elder people ≥60 years of age, far greater than that in our country [11] , it is crucial to learn the situation of blindness and visual impairment in our target population. In this study, we evaluated the prevalence, causes, and risk factors of blindness and visual impairment in a metropolitan Shanghai elderly population ≥60 years of age. Despite risk factors such as old age [4, 17] , female gender [6] , low educational level [4] [5] 18] , and obesity [19] , we are, to our knowledge, the first to identify an association between cigarette smoking and visual impairment in the populationbased survey. Many studies have explored the association between smoking and age-related eye diseases (ARED), such as nuclear cataract, AMD, DR, and glaucoma [20] . However, the relationship between smoking and visual impairment has not been extensively evaluated and is not clearly understood. Using a multivariate logistic regression model, we found that the estimated prevalence of visual impairment was higher among smokers than that of never-smokers. After stratification by age, gender, and educational levels, smoking was still established as a risk factor. However, further studies were recommended to confirm this association. This finding is similar as that of Surgeon General's report in the United States, which showed that smoking increases the risk of the blind-causing eye disease [21] . This finding not only has important implications for the vision protection policy, but also towards characterizing the populations needing to be targeted for intervention. The results of this study provide valuable population-based data on the prevalence and causes of blindness and visual impairment in one specific metropolitan area of China. Previous surveys [3] [4] [5] [6] [7] [8] in China have reported prevalences of visual impairment (in urban and rural adult populations with heterogeneous age distribution) that differ from ours. The results may possibly come from the reason that these studies used dissimilar definitions of visual impairment. Thus, two sets of of results should only be compared when the age range and definitions of visual impairment are similar. The prevalence (1.1%) of PVA-based blindness in this study was lower than that reported in Beixinjing (1.6%) and higher than that of Dachang Blocks (0.9%), two surveys in Shanghai [9] [10] . The prevalence was also lower than that reported in Hong Kong elderly ≥60 years of age (1.8%) [22] . We found the prevalence of PVA-based visual impairment to be lower than either of the aforementioned surveys. Although the prevalence of BCVA-defined blindness dropped to 0.9%, and that of visual impairment declined to 3.9%, both were higher than those reported in either the Shanghai Beixinjing or Dachang [9] [10] .
However, this study reported lower prevalences compared with those of other urban Chinese population (Beijing and Guangdong) [6] . We also reported higher prevalences compared with those of an urban Malay population in Singapore and a Latino population in Los Angeles, CA, USA [23] [24] . Although improvement of the accessibility and relative affordability of eye healthcare services in metropolitan Shanghai occurred faster than that in other urban and rural areas, there is still a need to develop suitable, effective eye care programs in urban China.
In agreement with other population-based surveys on the Chinese Han population, cataract was found to be the leading cause of blindness and visual impairment [4, 6, 25] . This study indicated that about 60% of visual impairment cases and 35% of blindness cases were due to cataracts. The Shanghai Beixinjing survey showed retinal degenerative diseases to be the leading cause of blindness, followed by cataract, refractive error, and corneal disease. Taking into account that cataract operations are similarly affordable for the two communities, the difference in results must have emanated from a disparity in the acceptance of cataract surgery among the residents of the two communities. It is indicated that as a result of the process of urbanization and rapid aging of society, visual impairment caused by cataract remains to be one of vital public health problems. We still need to strengthen the education about cataract operation among communities. Myopic maculopathy was the second principal cause of blindness and visual impairment. This result is in agreement of other reports from East Asia including China [8, 26] . As such, myopic maculopathy may become an urgent challenge for the prevention of global blindness, once avoidable or treatable causes of blindness such as cataract are under control. AMD, a difficult disease to treat, is also likely to account for a greater proportion of future blindness in developing countries [27] . However, it is rather surprising that glaucoma was not a major cause. Because it was recently reported that glaucoma account for 17% of visual impairment in northern China [28] , the absence of glaucoma as a major cause in the present study may be attributed partly to the relatively low prevalence of glaucoma in the Eastern Chinese population. Lack of visual field and gonioscopy tests would also underestimate the prevalence of glaucoma. The strengths of our study include: 1) a large sample size; 2) high response rate (91.1%); and 3) use of standardized protocols, based on those from the Nine-Province Survey [6] .
There are also several limitations to the present study. First, there may have been selection bias due to the exclusion of residents who worked outside of the block during the survey period, because most of these individuals were young, healthy participants who likely had normal vision. Meanwhile, the current study has more women and men, 2502 to 1688 (1.4 to 1), selection bias could not be avoided, even though we conducted gender adjustment. These might have led to a slight overestimation of the prevalence of visual impairment in the group 60 to 69 years of age. Second, we used only central VA data but did not use the results of visual field tests to assess PVA. Because we used only pinhole VA data and not the results of refractometry tests to assess BCVA, this may overestimate the prevalence of visual impairment. Third, Table 2 showed that the prevalence of visual impairment and blindness was similar between smokes and non-smokers and for PVA-based and BCVA-based visual impairment, it was actually higher in nonsmokers. It seemed to contradict other findings that smoking is associated with visual impairment [29] . It was because the overall prevalence of smoking in our target population (11.2%) is much lower than that was reported among Chinese adults (31.8%) [30] . Fourth, because cataracts accounted for 58.65% of visual impairment even after refractive correction, it is possible that a significant retinal disease was masked by the presence of a dense cataract, resulting in the underreporting of age-related retinopathy and maculopathy. Finally, the sample size calculated based on 25% error bound would minimize the sample size and generate bias in the outcomes.
In conclusion, we report preliminary results of a comprehensive, population-based study of older (≥60 years of age) urban adults in China. Our data on the prevalence, causes, and risk factors of blindness and visual impairment indicate the ocular status of the population sample from the eastern part of metropolitan China to be worse than expected. This study may help the eye-care project in developing strategies for highquality services.
